(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 




(43) Internationa] Publication Date 

1 July 2004 (01.07.2004) PCT 




(10) International Publication Number 

WO 2004/055467 Al 



(51) International Patent Classification 7 : F41H 5/04, 

B32B 15/01 

(21) International Application Number: 

IKTT/CZ2003/000070 

(22) International Filing Date: 

15 December 2003 (15.12.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

PV 02-4127 17 December 2002 (17.12.2002 ) CZ 

(71) Applicant (for all designated States except US): SVOS 
s.r.o. [CZ/CZJ; Chocenska 877, 535 01 Prelouc (CZ). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CERNV, Jaroslav 
[CZ/CZ]; Smetanova 1002, 535 01 Prelouc (CZ). ROLC, 
Stanislav [CZ/CZJ; Zborovska 28, 616 00 Brno (CZ). 
POSPISCL, Frantisck [CZ/CZ] ; Osikova 4, 637 00 Brno 

(CZ). 



(74) Agent: B ELFIN, Vladim/r; P.O. Box 1 17, 272 SO Kladno 

(CZ). 

(81) Designated Slates (national): AE, AG, AL, AM. AT, AU, 
AZ, BA, BB, BG, BR, BY. BZ, CA, CH, CN. CO. CR, CU, 
DE, DK, DM, DZ, EC, EE. ES, FI, GB, GD, GE. GH, GM, 
HR, ITU, ID, IL, IN, IS, JP, KE, KG, KP, KR. KZ. LC. LK. 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN. MW, MX, 
MZ, NI, NO, NZ, OM, PG, PH. PL, PT, RO, RU. SC, SD. 
SE, SG, SK, SL, SY, TJ. TM, TO, TR, IT, TZ. UA, UG, 
US, UZ, VC, VN. YU, ZA, ZM, ZW. 

(84) Designated Slates (regional): ARIPO patent (BW, GH. 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG. ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU. TJ, TM). 
European patent (AT, BE. BG, CH, CY, CZ. DE. DK. EE, 
ES, FI, FR, GB, GR, ITU, IE, IT, LU, MC. NL, PT RO. SE. 
SI, SK, TR), OAPI patent (BF, BJ, CE, CG. CI. CM, GA, 
GN, GQ. GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

— as to the identity* of the inventor (Rule 4A7(i)) for all des- 
ignations 

[Continued on next page] 



(54) Title: MULTILAYERED STEEL ARMOUR 



IT) 




^) (57) Abstract: Multilayered steel armour consisting of the front-face ballistic-resistant armour layer (1) and the backing armour 
layer (2). Between the front-face ballistic-resistant armour layer (1) and the backing layer (2) is at least one joining metallic inter- 
mediate layer (3), joining the armour layers (1) and (2) and possibly at least one internal armour layer (4, 5). 



WO 2004/055467 Al I II II II 111 II 111 II III! I ill 111111:11 1 ill 11:11111 HI] lllll 111 



— as to the identity of the inventor (Rule 4.17(i)) for all des- 
ignations 

— as to the identity of the inventor (Rule 4.17(i)) for all des- 
ignations 

— as to applicant s entitlement to apply for and be granted 
a patent (Rule 4. J 7(H)) for the following designations AE. 
AG. AL. AM. AT. AU. AZ BA. BB. BG. BR. BY. BZ CA. CH. 
CN. CO. CR. CU. DE. DK. DM. DZ EC. EE. ES. FI. GB. 
GO. GE. GH. GM. HR. HU. ID. IL IN. IS. J P. KE. KG. KP. 
KR. KZ. LC. LK. LR. LS. LT. LU. LV. MA. MD. MG. MK. 
MN. MW. MX. MZ. NI. NO. NZ OM. PC. PH. PL. PT. RO. 
RU. SC. SIX SE. SC. SK. SL SY, TJ. TM. TN. TR. TT. TZ. 
UA. UG. UZ. VC. VN. YU. ZA. ZM. Z\V. ARIPO patent (BW. 
GH. GM. KE. LS. MW. MZ. SD. SL. SZ. TZ. UG. ZM. ZW). 



Eurasian patent (AM. AZ BY. KG. KZ. MD. RU. TJ. TM). 
European patent (AT. BE. BG. CH. CY. CZ. DE. DK. EE. 
ES. FI. FR. GB. GR. HU. IE. IT. LU. MC. NL. PT. RO. SE. 
SI. SK. TR). OA P I patent (BF. BJ. CF. CG. CI. CM. GA. GN. 
GQ. GW. ML MR. NE. SN. TD. TG) 

— of inventorship (Rule 4J7(iv)) for US only 

Published: 

— with international search report 

For two -letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing ai the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/055467 



10/539567 

PCT/CZ2003/000070 

JC17Rec'dPC7/PT0 17 JUN 2005 



Multi layered Steel Armour 
Field of the Invention 

The invention relates to the multilayered steel armour 
for both the defense and civilian ballistic protection 
application . 

Background of the Invention 

The techniques of armouring applied both in civilian 
5 and defense realms make use of the various monolithic 
and/or composite steel armours in the role of assembly 
components and parts. Hand in hand with the 
ever- increasing requirements of the degree of the 
... ballistic protection the .technical capacity to meet 
10 such requirements has become virtually exhausted when 
only monolithic armour materials are concerned and 
therefore we have been recently witnessing a gradual 
shift of emphasis towards the application and use of 
two-layered materials bonded together. 

15 These two-layered steel armour plates are usually made 
from a suitable combination of two kinds of materials 
having quite different properties. The front-face 
layer intended to break or shatter attacking bullets 
is usually made from the steel of very hihg hardness 

2 0 containing, for example, 0.5 wt% to 1.5 wt% of carbon, 
0.2 wt% to 2.0 wt% of manganese, 0.1 wt% to 1.5 wt% of 
silicone, 0.2 wt% to 8 . 0 wt% of chromium, 0.1 wt% to 
4.0 wt% of nickel, 0.2 wt% to 6.0 wt% of tungsten, 
0.05 wt% to 0.5 wt% vanadium and the rest being iron 

25 and other accompanying elements and impurities. 
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The backing layer is formed by the more conventional 
armour steel material, intended to absorb remainder of 
bullet and fragments kinetic energy with a higher 
toughness containing, for example, 0.2 wt% to 0.6 wt% 
5 of carbon, 0.3 wt% to 2.0 wt% of manganese, 0.1 wt% to 
2.0 wt% of silicone, 0.1 wt% to 3.0 wt% of chromium, 
0.2 wt% to 4.5 wt% of nickel, 0.1 wt% to 1.0 wt% of 
molybdenum and the rest being iron and other 
accompanying elements and impurities . These 

10 two-layered plates are produced using technology of 
explosive cladding (high-velocity impact cladding) or 
by rolling together the individual layers at elevated 
temperature, wide-area welding techniques, by casting 
and successive pressure forming or by welding the 

15 initial semi- finished products under the molten 
welding flux and other similar technologies . 

The common disadvantage of all these two- layered steel 
armour plated is the widely different physical and 
technological properties of the front and the backing 

2 0 layer resulting in a considerable and undesirable 
changes of shape of the two- layered armor plates 
taking place both during their manufacturing process 
giving the plates the basic shape and during the 
thermal treatment of the completed and deployed armor. 

25 Another and very serious disadvantage of these two- 
layered armor plates is an ease with which the cracks 
are able to propagate themselves through the mass of 
the armour material once under a severe ballistic 
load. 
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Summary of the Invention 

The above-described disadvantages associated with the 
two- layered techniques of armour design and 
manufacturing are to a great extent eliminated by 
application of the multilayered technology whereby the 
5 multilayered steel armours according to the invention 
are formed from the at least three layered sandwich 
comprising the front-face ballistic-resistance armour 
layer of high ballistic endurance, the backing armour 
layer and the joining metallic intermediate layer 
10 joining the two external armour layers together. Thjf§ ; ' 
third joining metallic intermediate layer, or the" 
combination of several intermediate layers represents' 
the very substance of the invention described herein. 

The important feature of the invention is the 
15 circumstance that the joining metallic intermediate 
layer is made from the material featuring the 
face-centered cubic crystalline lattice (FCC lattice) . 

The FCC metallic material of the intermediate layer 
used in the sandwich can be either the pure nickel or 

20 possibly also certain nickel alloys containing from 
50.0 wt% to 98.0 wt% of nickel and from about 0.1 wt% 
to 45.0 wt% of at least one metal from the group of 
alloying elements such as chromium, molybdenum, 
manganese, niobium, titanium, iron and the rest formed 

25 by other accompanying elements and usual impurities. 

Another convenient arrangement of the invention 
represents the material of the joining metallic 
intermediate layer comprising between 5.0 wt% to 50.0 
wt% of nickel, in total between 0.1 wt% to 40.0 wt% of 
3 0 chromium, manganese, molybdenum, niobium and titanium 
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serving in the role of alloying admixtures while the 
reminder is formed by iron and some other usual 
additional elements and impurities. 

In addition to the above -described compositions, the 
5 other convenient material of the joining metallic 
intermediate layer according to the invention is the 
alloy containing from 8.0 wt% to 30.0 wt% of manganese 
and altogether 0.1 wt% to 30.0 wt% of alloying 
admixtures of chromium, nickel, vanadium, silicone and 
10 carbon while the reminder represents iron and other 
accompanying elements and impurities. 

Specifically, the material of the joining metallic 
intermediate layer can be, in addition to pure nickel 
or an alloy with nickel as its principal component, 

15 also the well known austenitic nickel steel alloys 
containing more than 2 0.0 wt% of nickel and the 
possible combinations of the known austenitic 
chromium- nickel alloys containing typically 18 wt% of 
chromium and 8 wt% of nickel . The other possible 

20 option for the composition of the intermediate layer 
is the known austenitic manganese alloys like for 
example the Hadfield Steel with more that 12 wt% of 
manganese content . 

The thickness of the joining metallic intermediate 
25 layer can be conveniently set from 0 . 5 % to 25 % of 
the total thickness of the steel armour according to 
the invention. The thicknesses of the external 
front-face ballistic-resistance armou layer exposed to 
ballistic loads and the backing armour layer can be 
30 either equal to each other or they can differ to 
achieve the most convenient properties of the sandwich 
as the whole. 
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The basic configuration of the invention represents 
the multilayered steel armour formed by just the three 
layers, i.e. the sandwich with the simple joining 
metallic intermediate layer placed between the 
5 front- face ballistic-resistant armour layer and the 
backing armour layer. 

However, the alternative implementation of the herein 
invention can use more that just these three basic 
layers. Between the front-face ballistic-resistant 

10 armour layer and the backing armour layer at least one 
more extra internal armour layer is inserted. If this 
is the case, all the inserted internal armour layers 
are joined and sandwiched together using the above 
described joining metallic intermediate layers as per 

15 herein described invention. 

The inserted internal armour layers used to achieve 
the most convenient properties of the entire structure 
are made from steel containing 0.2 wt% to 0.9 wt% of 
carbon, 0.1 wt% to 2.0 wt% of manganese, 0.2 wt% to 
2 0 2.0 wt% of chromium, 0.3 wt% to 4.5 wt% of nickel, 
0.1 wt% to 1.0 wt% of molybdenum 0,1 wt% to 2.0 wt% of 
silicon and no more than about 0.01 wt% of boron, the 
reminder being iron and other accompanying elements 
and impurities . 

2 5 When implementing this alternative mode of the hereby 
described invention the thicknesses of the inserted 
internal armour layers can be either equal to each 
other or they can mutually differ and the sum total of 
the thicknesses of all inserted armour layers and the 
. 30 corresponding joining metallic intermediate layers 
represents 1.5 % to 60 % of the total thickness of 
multilayered steel armour according to the invention. 
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The multilayered steel armour made to the 
specifications of the herein described invention 
result into compact armour structure with extremely- 
high level of adhesion, strong metallurgical bond of 
5 the individual layers. The advantages of such composed 
structures manifest themselves in particular during 
giving these materials desired shape and during the 
thermal treatment of these materials and products. The 
joining metallic intermediale layer (or layers as case 
10 may be) due to their high plasticity eliminates 
deformations due to structural, thermal and 
dimensional changes taking place in the individual 
armour layers . 

In addition to the above advantage of the multilayered 
steel armour according to the invention the other 
substantial advantage of these armoured plates 
manifest itself in the realm of their ability to 
withstand extremes of ballistic loads. The joining 
metallic intermediate layer represents an efficient 
barrier in the way of propagation of cracks between 
the individual armour layers whereby significantly 
enhancing the overall structural integrity of the 
armour . 

The multilayered steel armour can be created using all 
25 the known and widely used technologies such as 
multilayered casting and forming, plating, cladding, 
welding, rolling at elevated temperatures, etc. 



15 



20 
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Brief Description of the Drawings 

The invention will be further clarified in more detail 
using the schematic drawings, where is: 

Fig. 1 - multilayered steel armour with three layers 
Fig. 2 - multilayered steel armour with seven layers 

Description of the Prefered Embodiment 
Example 1 

5 Multilayered steel armour according to this example, 
as in Fig. 1, comprises from the front-face 
ballistic-resistant layer 1 and from the backing 
armour layer 2. 

The front-face ballistic-resistant armour layer 1 is" 
10 made from steel alloy containing 0.66 wt% of carbon, 
0.40 wt% of silicone, 0.40 wt% of manganese, no more 
than about 0.010 wt% of phosphorus, no more than about 
0.010 wt% of sulfur, 1.20 wt% of chromium, 0.20 wt% of 
nickel, 0.20 wt% of vanadium, 1.90 wt% of tungsten, 
15 while the rest is iron and other accompanying elements 
and impurities. 

The backing armour layer 2 is made from the steel 
alloy containing 0.30 wt% of carbon, 1.60 wt% of 
silicone, 1.40 wt% of manganese, no more than about 
20 0.010 wt% of phosphorus, no more than about 0.008 wt% 
of sulfur, 0.40 wt% of chromium, 1.20 wt% of nickel, 
the rest is iron and other accompanying elements and 
impurities . 
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There is the joining metallic intermediate layer 3 
located between the front-face ballistic-resistant 
armour layer 1 and the backing armour layer 2. This 
joining metallic intermediate layer 3 is the 
5 austenitic FCC crystalline lattice structure 
containing 71.0 wt% of nickel, 16.0 wt% of chromium, 
3.0 wt% of manganese, 1.0 wt% of molybdenum, 2.0 wt% 
of niobium, 6.0 wt% of iron and the rest being the 
accompanying elements and common impurities. 

10 The overall thickness t of this multilayered steel 
armour is 10 millimeters. The thickness £ of the 
front-face ballistic-resistant armour layer 1 is 4.7 
millimeters, the thickness £ 2 of the backing armour 
layer 2 is also 4.7 millimeters and the thickness t 

15 of the joining metallic intermediate layer 3. is 0.6 
millimeters, which represents 6 % of the overall 
thickness t of the multilayered steel armour. 

The multilayered steel armour of this example is 
manufactured using the technology of explosive 
20 cladding and subsequent rolling at elevated 
temperature . 

Example 2 

Multilayered steel armour in this example represents 
the alternative implementation . of the multilayered 
steel armour from the first example with the changed 

25 material of the inserted joining metallic intermediate 
layer 3.. The material of this layer 3 was changed to 
the austenitic structure containing 10.6 wt% of 
nickel, 16.7 wt% of chromium, 2.2 wt% of molybdenum, 
1.7 wt% of manganese, 0.5 wt% of silicone, 0.4 wt% of 

30 titanium, 0.03 wt% of carbon with the rest being iron 
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and other usual admixtures and impurities. 

This multilayered steel armour is prepared using the 
technology of multilayered casting, which is followed 
by the elevated temperature rolling process. The total 
5 thickness £ of this multilayered steel armour is 7.5 
millimeters, the thickness £ of the front-face 
ballistic-resistance armour layer i is 3.5 
millimeters, the thickness £ 2 of the backing armour 
layer 2 is 3.6 millimeters and the thickness £ of the 
10 joining metallic intermediate layer 3 is 0.4 
millimeters, representing 5.3 % of the overall 
thickness t of the steel armour. 

Example 3 

The multilayered steel armour in this (third) example 
also represents the alternative implementation of the 

15 multilayered steel armour of the type introduced in 
the example 1. The difference is in a different 
composition of the joining metallic intermediate layer 
3 joining the armour layer 1,2. The material of this 
layer 3 is the austenitic structure containing 12.5 

2 0 wt% of manganese, 1.3 wt% of carbon, 0.4 wt% of 
silicone while the rest is iron, other accompanying 
elements and usual impurities . 

The total thickness t of this multilayered steel 
armour as well as the thickness £ x of the front -face 
25 ballistic-resistant armour layer 1 and the thickness 
£ a of the backing armour layer 2 and finally the 
thickness £ 3 of the joining metallic intermediate 
layer 3 are identical to thicknesses of the example 2 . 
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Example 4 

The multilayered steel armour, as in Fig. 2 is formed 
by the front-face ballistic-resistant armour layer 1 
and the backing armour layer 2, having the same 
chemical composition as the corresponding layers 1,2. 
5 of the example 1. Between the front -face 
ballistic-resistant armour layer 1 and the backing 
armour layer 2 are sandwiched two additional internal 
armour layers 4 and 5 and the corresponding joining 
metallic intermediate layers 3_, which are located 
10 between all the armour layers 1,2/4,5 present in the 
sandwich . 

The joining metallic intermediate layers 3 are the 
austenitic FCC crystalline structures containing 
9.0 wt% of nickel, 17.5 wt% of chromium, 1.9 wt% of 
15 manganese, 0.6 wt% of silicone, 0.4 wt% of titanium, 
0.06 wt% of carbon, while the rest being iron and the 
common accompanying elements and impurities. 

The first inserted internal armour layer 4 is formed 
by the steel alloy containing 0.45 wt% of carbon, 
20 0.70 wt% of manganese, 0.23 wt% of silicone, 0.50 wt% 
of chromium, 2.0 wt% of nickel, 0.35 wt% of molybdenum 
while the rest, is iron and other common accompanying 
elements and impurities. 

The second inserted internal armour layer 5 is formed 
25 by the steel alloy containing 0.26 wt% of carbon, 
1.0 wt% of manganese, 1.19 wt% of silicone, 0.37 wt% 
of chromium, 0.95 wt% of nickel, 0,2 7 wt% of 
molybdenum, 0.006 wt% of niobium while the rest is 
iron and other common accompanying elements and 
30 impurities. 
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The total thickness £ of the steel armour is 12.0 
millimeters. The thickness t of the front-face 
ballistic-resistant armour layer 1 is 3 millimeters 
and the thickness £ a of the backing armour layer 2 is 
5 also 3 millimeters. The thicknesses of all joining 
metallic intermediate layers 3. are 0.4 millimeters. 
The thickness £ of the first internal armour layer 
4 is 2.5 millimeters and the thickness £ of the 
second internal armour layer 5 is 2.3 millimeters. 

10 Thus, the sum total of the thicknesses £ 3 of all 
inserted joining metallic intermediate layers 3. and 
the thicknesses t , t of the two inserted internal 1 
armour layers 4. and 5 is 6.0 millimeters, i.e. 50 % of 
the total thickness £ of the multilayered steel 

15 armour. 

The multilayered steel armour presented in this 
example was produced using the technology of welding 
of its individual armour layers 1,2/4 and 5. together 
with the joining metallic intermediate layers 3 and 
20 subsequent rolling of the sandwich at elevated 
temperature . 

Field of the Aplication 

Multilayered steel armour plates produced in 
accordance with the herein presented invention find 
a wide variety of applications especially in products 
25 of defense industry where the prime interest is to 
ascertain the high level of ballistic resistance of 
the armoured parts and simultaneously maintaining 
their structural integrity. 
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PATENT CLAIMS 

The multilayered steel armour consisting of the 
front-face ballistic-resistant armour layer (1) 
and the backing armour layer (2) , characterized by 
the fact, that between the ballistic-resistant 
face layer (1) and the backing layer (2) at least 
one additional joining metallic intermediate layer 
(3) is situated. 

The multilayered steel armour according to claim 1 
characterized by the fact, that the joining 
metallic intermediate layer (3) is made from the 
metal having its crystalline lattice arranged in 
FCC manner (face-centered cube lattice) . 

The multilayered steel armour according to claim 2 
characterized by the fact r that the material of 
the joining metallic intermediate layer (3) is 
pure nickel containing from 98.0 wt% to 99.99 wt% 
of nickel, the rest being impurities of some kind 
or the other elements . 

The multilayered steel armour according to claim 2 
characterized by the fact, that the material of 
the joining metallic intermediate layer (3) 
contains between 50.0 wt% and 98.0 wt% of nickel, 
between 0.1 wt% and 45.0 wt% of at least one of 
the alloying elements such as chromium, 
molybdenum, manganese, niobium, titanium, iron and 
the rest making some other accompanying elements 
and usual impurities. 
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5 . The multilayered steel armour according to claim 2 
characterized by the fact, that the material of 
the joining metallic intermediate layer (3) 
contains between 5.0 wt% and 50.0 wt% of nickel, 
5 in total between 0.1 wt% and 40.0 wt% of chromium, 

manganese, molybdenum, niobium and titanium in the 
role of alloying elements, while the rest of the 
content is iron and other accompanying elements 
and usual impurities. 

10 6. The multilayered steel armour according to claim 2 
characterized by the fact, that the material of 
the joining metallic intermediate layer (3) 
contains r from 8.0 wt% to 30.0 wt% of manganese, in 
total from 0.1 wt% to 30.0 wt% of chromium, 

15 nickel, vanadium, silicone and carbon in the role 

of alloying elements while the rest is represented 
by iron and other accompanying elements and usual 
impurities . 

7. The multilayered steel armour according to at 
20 least one of the previous claims, characterized by 

the fact, that the thickness of the joining 
metallic intermediate layer (3) is between 0.5 % 
and 25 % of the total thickness of the steel 
armour . 

25 8. The multilayered steel armour according to at 
least one of the previous claims, characterized by 
the fact, that there is at least one additional 
internal armour layer (4,5) placed between the 
front-face ballistic-resistant layer (1) and the 

30 backing armour layer (2) while the joining 

metallic intermediate layers (3) are arranged 
between all the armour layers (1,2,4,5). 
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9. The multilayered steel armour according to claim 8 
characterized by the fact, that the inserted 
internal armour layer (4,5) is formed from steel 
containing from 0.2 wt% to 0.9 wt% of carbon, from 
5 0.1 wt% to 2.0 wt% of manganese, from 0.2 wt% to 

2.0 wt% of chromium, from 0.3 wt% to 4.5 wt% of 
nickel, from 0.1 wt% to 1.0 wt% of molybdenum, 
from 0.1 wt% to 2.0 wt% of silicone and no more 
that about 0.01 wt% of boron while the rest is 
10 formed by iron and other accompanying elements and 

usual impurities. 

10. The multilayered steel armour according to at 
least one of previous claims 8, 9, characterized 
by the fact, that the sum total of all thicknesses 
15 of inserted internal armour layers (4,5) and 

joining metallic intermediate layers (3) is 
between 1.5 % and 60 % of the total thickness of 
the steel armour. 
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